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Short-term effects of Sawdust on Some Sandy Soil 
Properties and on Performance of Maize (Zea mays L.) 
Eshraga Altaib Mohamed Gali 
ABSTRACT 
A short – term experiment was conducted to determine the effect of 
incorporation of sawdust (wood shavings) on properties of a sandy soil 
and performance of maize (Zeay mays L.). The treatments were sawdust 
applied at rates of 5 t ha-1 or 10 t ha-1 with or without the recommended 
inorganic fertilizer and a control (no sawdust, no fertilizer). 
After harvest, soil samples were collected and analyzed for water holding 
capacity, pH, total nitrogen, organic carbon, available phosphorus and 
potassium. Plants were analyzed for shoot and root dry matter and 
nutrients (N and P) contents. 
 The results showed that incorporation of sawdust had significant effects 
on soil properties and plant performance. Addition of sawdust with  
recommended fertilizer dose had significantly (P≤0.0005) increased soil 
organic matter content from 0.21 to  0.39 mg kg-1 and cation exchange 
capacity from 19.62 to 21.37 c mole (+) kg-1.  Also, combining sawdust 
with inorganic fertilizer had significantly (P≤ 0.0001) increased the 
contents of soil N, P and K. However, sawdust had slightly increased soil 
water holding capacity. 
Sawdust (10 t ha-1) with the recommended dose had significantly (P ≤ 
0.0001) increased shoot and root dry matter from 1.8 to 7.86 and from 1.3 
to 5.3 g plant-1, respectively. Additionally, supporting sawdust with 
inorganic fertilizer significantly (P ≤ 0.0001) increased shoot and root N 
and P contents.  
IV 
 
It could be pointed out that continuous judicial supplementing inorganic 
fertilizer with sawdust may be a useful management practice in 
amelioration of poor sandy soils. 
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  وأداء اﻟﺬرة اﻟﺸﺎﻣﻴﺔاﻟﺮﻣﻠﻴﻪ  اﻟﺘﺄﺛﻴﺮ ﻗﺼﻴﺮ اﻟﻤﺪى ﻟﻠﻨﺸﺎرة ﻋﻠﻰ ﺧﻮاص اﻟﺘﺮﺑﺔ 
 ﻠﻰ ﺟإﺷﺮاﻗﺔ اﻟﻄﻴﺐ ﻣﺤﻤﺪ 
   ﻣﻠﺨﺺ اﻻﻃﺮوﺣﻪ
ﺗѧﺄﺛﻴﺮ إﺿѧﺎﻓﺔ ﻧﺸѧﺎرة اﻟﺨﺸѧﺐ ﻋﻠѧﻰ ﺧﺼѧﺎﺋﺺ اﻟﺘﺮﺑѧﺔ أﺟﺮﻳﺖ ﺗﺠﺮﺑﻪ ﻗﺼﻴﺮة اﻟﻤﺪى ﻟﺘﻘﺪﻳﺮ   
ﻃѧﻦ  5ل ﺑﻤﻌﺪ)ﻧﺸﺎرة اﻟﺨﺸﺐ  :ﻓﻰ اﻵﺗﻰاﻟﻤﻌﺎﻣﻼت ﺗﻤﺜﻠﺖ  .اﻟﺸﺎﻣﻴﺔاﻟﺮﻣﻠﻴﺔ وأداء ﻣﺤﺼﻮل اﻟﺬرة 
 PN() اﻟﻜﻴﻤﻴѧѧﺎﺋﻰﻣѧѧﻊ أو ﺑѧѧﺪون اﻟﺠﺮﻋѧѧﺔ اﻟﻤﻮﺻѧѧﻰ ﺑﻬѧѧﺎ ﻣѧѧﻦ اﻟﺴѧѧﻤﺎد  (ﻃѧѧﻦ ﻟﻠﻬﻜﺘѧѧﺎر  01ﻟﻠﻬﻜﺘѧѧﺎر أو 
  (.ﺳﻤﺎد وﺑﺪون ﻧﺸﺎرﻩ )واﻟﺸﺎهﺪ  
 ، اﻟѧѧﺮﻗﻢ اﻟﻬﻴѧѧﺪروﺟﻴﻨﻲ ﻟﻠﺘﺮﺑѧѧﺔ  ،اﻟﻤѧѧﺎء ﺣﻔѧѧﻆﻋﻴﻨѧѧﺎت اﻟﺘﺮﺑѧѧﺔ ﻟﺘﻘѧѧﺪﻳﺮ ﺳѧѧﻌﺔ  ﺑﻌѧѧﺪ اﻟﺤﺼѧѧﺎد ﺗѧѧﻢ ﺗﺤﻠﻴѧѧﻞ 
اﻟﻤѧﺎدة اﻟﺠﺎﻓѧﺔ ﻓѧﻲ ﺗﺤﺪﻳѧﺪ  آﺬﻟﻚ ﺗﻢ   .ﻟﺒﻮﺗﺎﺳﻴﻮموا ﻟﻔﺴﻔﻮر ا ،اﻟﻜﺮﺑﻮن اﻟﻌﻀﻮي ،ﺘﺮوﺟﻴﻦ اﻟﻜﻠﻲﻴاﻟﻨ
   .ﺘﺮوﺟﻴﻦ واﻟﻔﺴﻔﻮرﻴوﻣﺤﺘﻮاهﺎ ﻣﻦ اﻟﻨ ورﻣﻦ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮى واﻟﺠﺬآﻞ 
ﻋﻠѧﻰ ﺧﺼѧﺎﺋﺺ  اﻟﺘﺮﺑѧﺔ و  ﻴﺮات ﻣﻌﻨﻮﻳѧﻪ أوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ إن ﻹﺿѧﺎﻓﺔ  ﻧﺸѧﺎرة اﻟﺨﺸѧﺐ ﺗѧﺄﺛ   
  إﻟѧﻰ أدتاﻟﻤﻮﺻѧﻰ ﺑﻬѧﺎ  ﺑﺎﻟﺠﺮﻋѧﻪﻤﻴѧﺎﺋﻲ ﻴاﻟﻜﻣѧﻊ اﻟﺴѧﻤﺎد   إﺿѧﺎﻓﺔ  ﻧﺸѧﺎرة اﻟﺨﺸѧﺐإن  .أداء اﻟﻨﺒѧﺎت 
آﻴﻠѧﻮﺟﺮام / ﺟѧﺮام  3.0إﻟѧﻰ  12.0ﻣѧﻦ  ﻣﺤﺘﻮى اﻟﻤﺎدة اﻟﻌﻀѧﻮﻳﺔ ﻓﻲ  )5000.0≤P(ﻣﻌﻨﻮﻳﺔ   زﻳﺎدة
ﺟѧﺮام وأﻳﻀѧﺎ آﺎﻧѧﺖ هﻨѧﺎك زﻳѧﺎدة  001/ ﻣﻠﻴﻤﻜﺎﻓﺊ 3.12إﻟﻲ 26.91ﻟﺴﻌﻪ اﻟﺘﺒﺎدﻟﻴﺔ اﻟﻜﺘﻴﻮﻧﻴﻪ ﻣﻦ وا
دت ﻧﺸѧﺎرة أ آﻤﺎ  اﻟﻔﺴﻔﻮر و اﻟﺒﻮﺗﺎﺳﻴﻮم، ﺘﺮوﺟﻴﻦﻴﻓﻲ ﻣﺤﺘﻮى اﻟﺘﺮﺑﺔ ﻣﻦ اﻟﻨ )1000.0≤P( ﻣﻌﻨﻮﻳﺔ
  ﻋﻠﻰ اﻻﺣﺘﻔﺎظ ﺑﺎﻟﻤﺎء اﻟﺘﺮﺑﺔﻳﺎدة ﻗﻠﻴﻠﻪ ﻓﻲ ﻗﺪرة زإﻟﻰ اﻟﺨﺸﺐ 
إﻟѧѧﻰ  زﻳѧѧﺎدة  ﻓѧѧﻲ اﻟﺴѧѧﻤﺎد اﻟﻜﻴﻤﻴѧﺎﺋﻲ  ﻣѧѧﻊ اﻟﺠﺮﻋѧѧﺔ اﻟﻤﻮﺻѧﻰ ﺑﻬѧѧﺎ ﻣѧѧﻦ  أدت ﻧﺸѧﺎرة اﻟﺨﺸѧѧﺐ   
 ﺟﻢ ﻟﻜﻞ ﻧﺒѧﺎت 8.7إﻟﻰ    8.1 ذﻟﻚ ﻣﻦ وري و اﻟﺠﺬاﻟﺠﺎﻓﺔ ﻓﻲ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮي ﻣﺤﺘﻮى اﻟﻤﺎدة 
 ﻣﺤﺘѧﻮى ﻓﻲ      )1000.0≤P(و  زﻳﺎدة ﻣﻌﻨﻮﻳﺔ   .ﺟﻢ ﻟﻜﻞ ﻧﺒﺎت ﻋﻠﻰ اﻟﺘﻮاﻟﻲ 3.5إﻟﻰ 3.1ﻣﻦ   و
  .ﺘﺮوﺟﻴﻦ ﻓﻰ آﻞ ﻣﻦ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮى واﻟﺠﺬرىﻴاﻟﻨاﻟﻔﺴﻔﻮر و
 ان  ﻳﻤﻜѧﻦ  اﻟﻜﻴﻤﻴѧﺎﺋﻲ اﻟﺴѧﻤﺎد  ﻣﻊﺐ ﻨﺸﺎرة اﻟﺨﺸﻟاﻟﻤﺴﺘﻤﺮة  ﺎﻓﺔ ﺿاﻹ انﻳﻤﻜﻦ اﻹﺷﺎرة اﻟﻰ    
  .اﻟﺘﺮب اﻟﺮﻣﻠﻴﻪ ﻧﻮﻋﻴﺔ ﺴﺘﺨﺪم آﻤﺤﺴﻨﺎت ﺑﺪﻳﻠﻪ ﻟﺘﺤﺴﻴﻦ ﺗ
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CHAPTER ONE 
 INTRODUCTION 
 
 Sandy  soils  are  widely  distributed  in  tropics  where  they  occupy  
most  of  arid  and  semi  arid  areas  For  example ,the total  estimated extent  of  
Arenosols    is  900   million   hectares   mainly  in  western  Australia  ,south   
America, south  Africa, Sahel, and  Arabic countries, (WRB  and  FAO\Unesco  
soil  map  of  the  world).  These soils  are  characterized  by  low  soil  organic  
carbon (SOC), low  cation  exchange capacity (CEC), high  risk  of  nutrient  
leaching, low `structural stability and  high  sensitivity to  erosion  and  crusting  
In addition chemical fertility and physical stability   are   weak in these soils 
(Pieri, 1992) 
 More  than  60% of the  area  of  the  Sudan  lies   in  the  arid and semi  
arid  region  which is  characterized   by  low  and  erratic  rain  fall.  According 
to Salih (2007)  mentioned  that  about  13  states  out  of 26  states  of  the 
Sudan  area  affected  by  desertification. In spite of this, Sandy soils contributed 
considerably to the national production. 
 Many  cash  crops  are  traditionally  produced  in  the rain fed   sandy 
soils  of Kordofan  and Darfur.  In this  context,  Surghum  (Surghum  bicolor  
L), millet (Ayphodium  gluacum), Roselle  (Hibiscus  sabderiffa) ,seasame  
(Sesamum  indicum), gum Arabic  (Acacia  Senegal)  and some legumes and  
vegetable  are cultivated  in sandy soils. 
 Organic  amendments  have  been  proposed as  an  effective  method  to  
improve physical and  chemical  properties  of sandy  soils  Amelioration  of  
these  soils properties  is  largely  based  on  increasing  organic  carbon  in  the 
soils (Garcia, 1992). Since  water  is  an  scarce resource  in arid  regions 
.increase in  the  organic  matter  content   will improves  the water  capacity  of  
these  soils. 
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Chipped  wood   from  certain  trees  or  shrub  species  is  becoming  an  
increasingly  important  source  of organic  amendment  in  agricultural  soils  
(Lalande  et at, 1998). 
 In  Sudan, there  are  enormous  quantities  of  wood  shaving  as  by  
products  from  wood preparation factories  and  furniture  factories.     
Application of wood chips as an amendment was investigated by some research 
workers and their results indicated the usefulness of this material in crop 
production on sandy soils by improving soil fertility status. (Chiroma et al, 2004, 
2005). water  is  perhaps  the  most  important  single  factor  that  limits  crop   
production    in the  semi arid  tropics  including  Sudan.  
 Therefore, the objective of  this study is to determine the effect  of 
incorporation  of  wood   shaving  on  amelioration   of  sandy  soils  and the  
consequent  effect  on  performance  of  fodder  maize  establishment. 
 
Hypothesis 
 The  study  hypothesized  that  addition  of  wood  shavings  improve   the 
water  capacity  of  sandy  soils  and nutrient level.   
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CHAPTER TWO 
2.0 REVIEW OF LITREATURE 
 
2.1 Introduction:  
 Desertification was defined at the 1992 Conference on Environment and 
Development held in Rio de Janerio, Brazil, as land degradation in arid, semi 
arid and sub-humid areas resulting from various factors, including climatic 
variations and human activities.  
 Accordingly, desertification had cased primarily by human activities and 
climatic variations. It occurs because dry land ecosystems, which cover more 
than one third of the worlds land area, are extremely vulnerable to 
overexploitation and inappropriate land use. Over 900 million people are 
directly affected by desertification. In addition, some one billion people in over 
one hundred countries are at risk (UNCCD, 1994)  
   One of the most severs types of land degradation that characterize 
desertification in the arid and semi arid areas in the world in Aeolian soil erosion 
(Murdock and Frye (1983). I t dose not result in a coarse soil texture (Su et al 
2002) but also seriously decreases soil potential productivity and crop out put 
(Zhao et al, 2006).studies in desertification are increasing and numerous studies 
have characterized the cases, processes, and mechanisms of desertification This 
is because of the severe harm that attach agricultural productivity and the 
environment (Wang and Zhao, 2005). 
2.1.1Desert Soils:  
 Most desert soils are developed from Aeolian deposits with weakly 
developed profiles and loose consistency (Barth, 2000), moreover, wind erosion 
and accumulated sand are recognized as the primary forms of     
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2.1.2Cultivation of marginal lands: 
 In Kordufan and Darfur, in western Sudan, traditional cultivation of 
marginal lands   had exhausted soil organic matter, reduced soil fertility, and 
enhanced soil erosion. The establishment of a large-scale mechanized  
Farms in the 1940s necessitated the removal of natural vegetation and exposed 
the land to both wind and water erosion. 
 In the gum-Arabic (hashab) belt, the cultivation of bush fallow rational 
system, which is relatively more sustainable system was abandoned due to 
increased population and consequently increased need for growing food corps. 
The Acacia Senegal-millet sesame/groundnut system was adopted in Kordufan 
where the land was under tree for 12years.The trees are then removed to produce 
firewood and the land is cultivated for 4 years, usually with millet, sesame or 
groundnut. When soil fertility declined as indicated by low yields of crops and 
infestation by Striga hermonthica (buda), the land is left fallow.  
 After hashab trees degenerate, the field is cleared and the land is 
cultivated.  This controls soil erosion, improves infiltration rate, restores soil 
structure, regenerates the fertility of the exhausted soil and acts as a good fodder 
reserve for camels. The hashab belt also acts as  a defense line against desert 
advance towards the south. Thus, this system provided soil resilience and 
sustainable traditional agriculture, and helped local communities in Sudan to 
thrive and cope with their harsh environment and significantly supported their 
livelihood. Its abandonment is in some areas enhanced loss of fertility, hence, 
exposure of the land for wind erosion and desertification. (Mustafa, 2003).                               
2.2 Sandy Soil 
  Sandy soils occur in all parts   of the world. When the soil contains   more 
than 70% sand and less than 15% clay, it is classified in the world Reference 
Base as Arenosols   (FAO, 2001) and in soil Taxonomy as sandy Entisols. Such 
soil is named Psamments when well-drained, or as Psammaquents when in tidal 
marshes,   deltas and wetlands (Soil Survey Sttaf, 1999). In the world Reference 
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Base, sandy soils may also occur in the reference groups Regosols, leptosols and 
Fluvisols. Arenosols may have developed in residual stands, in the weathering 
products of quartz-rich rock or in recently deposited stands common to deserts 
and beaches(FAO,2001).Most Arenosols are located in arid and semi arid 
regions (van Wambeke, 1992). Arensols are only weakly developed with little 
soil horizon formation. In general chemical weathering is often slow in these 
soils because of the prevalent hot and dry conditions under which they are 
formed in arid and semi arid tropics. Physical weathering is dominant resulting 
from extreme changes in diurnal temperatures and seasons. Wind erosion may 
be a problem in many areas dominated by Arenosols because of the lack of soil 
cover and weak soil structure (FAO, 2001). Characteristic properties of 
Arenosols: are high water permeability, low water holding capacity, low specific 
heat, and often-minimal nutrient contents.         
2.3.1Quality of sandy soils: 
 The quality of sandy soils has been mainly associated with its productivity 
(Hornick 1992), whereas more recently, the definition has expanded to include 
the capacity of a soil to function with in ecosystem boundaries to sustain 
biological productivity, maintain environmental quality, and promote plant and 
health (Doran and ParKin, 1994). 
 Soil quality depends on a large number of chemical, physical, biological 
and biochemical properties and its characterization requires the selection of the 
properties most sensitive to change in the management practices (Yako Vchenko 
et al. 1996). 
 Soil quality is a relatively new concept and relies on indicators like 
organic matter, bulk density, nutrient status, and microbial biomass. Measuring 
of Soil organic matter is probably the most vital in maintaining a quality soil 
resource. It improves aggregate stability and soil structure; Microorganisms are 
important for nutrient cycling and improves infiltration water holding capacity, 
cation exchange capacity, and the break down of pesticides. 
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 Adding organic materials, such as manure, wood shaving may help to 
maintain or increase the level of organic matter. In addition, the increased 
residues with high carbon to nitrogen ratio,may slow the rate of mineralization 
over longer period of time (Coleman and Corossley, 1996).  
 Soil organic C and  N are  important  determinants of soil quality  (Mahadi 
et al, 2005)  because they  positively   affect water retention,  soil aeration, 
nutrient  cycling,  and  plant  root  growth (Sainju and Good, 1993). It is well 
documented that managing soils to increase long term organic carbon and 
nitrogen storage can be achieved by implementing soil and vegetation practices 
(Mahadi et al. 2005).In contrast, pedogenesis, land use, and climate change can 
reduce the storage of soil organic C and N (Mahadi et al, 2005; Dariana et al, 
2006), leading to a loss of productivity (Larne-y et al. 1998). 
2.4 Water and Human Development:- 
 Throughout history, human progress has depended on access to clean 
water. Water, the staff of life and basic human right, is at the heart of daily crisis 
for a considerable number of vulnerable people.  
 “By means of water “, says the Koran, (We give life to every thing) .the 
problem of water scarcity is deepening in the Middle and East and North Africa 
with average water availability falling by more than a quarter. By 2025, average 
water availability is projected to be just over 500cubic meters per person per 
year ( scarcity is defined as less than 1000), and more than 90%of the region’s 
people will be living in water –scarce countries. E l-mostafa, (2006)  
2.4.1 Water management under dry conditions:  
  Quantities of fresh water in the dry area in the world, and in several 
countries of the Middle East that are available to human do not meet the basic 
needs of the people. Increasingly, more water is being diverted from agriculture 
to other sectors which will seriously threaten food security and may cause, 
economical and political constrains. With growing water scarcity, higher water 
demand and poverty and potential conflicts over water is likely to increase. 
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Research has shown that it’s within reach to at least, double the current 
productivity of water used in agriculture. This is equivalent to doubling the 
amount of the water resources available under present water productivity levels.     
Improved water Productivity can be achieved by implementing modern 
technologies, adopting more efficient packages of water management, improved 
cropping patterns and agribusiness practices. The water saved by adopting more 
efficient practices and improving water productivity can be applied to new lands 
for producing more food without  damaging the  environment. In water –scarce 
areas water but not land, is the most limiting resource to agricultural 
development.  (Theib, Y, 2006). 
 Water is becoming increasingly scarce therefore, finding the method to 
reduce agricultural water consumption is essential. Variability in the climate, 
soil and crop conditions, irrigation water is a difficult task.   
It is essential to match the water supply at the system head with the demand 
created by the actual field condition as well as to ensure the adequate and even 
distribution of water through out the scheme.  (Rowshon, et al, 2006) 
2.4.2 Water problems in arid and semi arid land:- 
 It is essential in sandy soils to improve the capacity of these soils to hold 
H2o. Recent studies showed that efficient use of water can be achieved by 
incorporation of organic material there by researching frequent needed for more 
water (Mubarak, et al., 2009). Desert environment is characterized by scarcity of 
water and considered as a major reason behind UN sustainable farming in many 
arid countries of the world (Mcintoch, 2004). Therefore, attempts in research 
farming's in desert soils has mainly found on efficient use of water  
 Elquosy (1998)  reported that, many of the arid and semiarid regions of 
the world water is likely to become the most critical resources and the most 
limiting factor in the production of food. This is because sandy soils are poor in 
holding water. 
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2.4.3Water retention properties:- 
 Soil physical conditions are sensitive to land use and management and 
their role in water retention properties have to be estimated in order to evaluate 
soil degradation or remediation. 
 Water content varies widely depending on soil composition and especially 
soil texture and organic matter content as reported by Bauer and Black (1992). 
Agricultural management can also exert a considerable influence on soil fabric 
and pore space Wander and Bollero, (1999), and on soil strength. This evolution 
can be attributed to a decrease in organic carbon content and the effects of varies 
stresses including mechanical compaction (Bruand and Tssier, 2000). 
 Although sand particles are mainly responsible for determining soil pore 
space, the fine fractions control part of the water retention properties. For 
instance,   in loamy soils, Bigorre et al. (2000) showed the additive effect of clay 
and organic carbon content  on water retention properties at low water potentials 
(-1,600 and -107,000 kPa). 
 Sandy soils retain little water at high water potentials and water content 
decreases rapidly with the water potential (Panayioto poulos and Mullins, 1985). 
2.5 Amelioration of sandy soils: 
 Strategies for amelioration of sandy soils had mainly based on increasing 
this capacity to retain water and decrease infiltration rate through increasing 
organic carbon content. This is to improve the adsorption potentials of nutrients 
and water via adding negative charges.        
 2.5.1 Organic Materials: 
  Because of its value as an efficient source of nutrients for plants, animal 
manure has long been used as an amending material. They are evaluated mainly 
on their nitrogen content and organic carbon (i.e C/N ratio) percent. In most 
cases, the use of manure was found much better than chemical fertilizer. The 
addition of organic matter to the soil improves the soil structure and increased 
infiltration rate. Willian and Cooke,(1961)  found that application of farm yard 
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manure (FYM), to the soils helped to improve and maintain the structure  of 
soils Application of (FYM)  to soil in arid and semi arid region  resulted a 
significant increase  in cation exchange capacity (CEC) and organic carbon 
content  and decrease the soil pH  of the soil. Reddy et  al (1980). In this field, 
there are many recent studies emphasizing the positive effects of application of 
organic materials (Li et al. 2007; Omotso and Shittu, 2008; Mubarak et al, 
2003). 
2.5.2Sewage Sludge:  
 The concern over environmental pollution and its effect  on plant and 
animal life has brought, numerous regulations governing disposal and use of 
waste materials. The consequent build –up in amount of waste materials and let 
to renewed interest in application of sewage sludge to soil in the past decade. 
Man has utilized sewage waste as a source of fertilizer and soil amendments for 
many centuries, particularly in Far East, where raw sewage is applied directly to 
soils. Abdou and El-Nennah (1980) studied the effects of irrigated sandy loam 
by liquid sewage sludge on its content of some micronutrients. The results 
showed that the use of liquid sewage sludge every after year in irrigating the 
loamy sandy soil has markedly increased the levels of these micronutrients (total 
and soluble forms).  
The increased importance of wood shavings necessitates that the management 
strategies that focus on maximizing the benefits of its incorporation in the soil 
the amendments increased total soil porosity, and thus increased the amount of 
water retained at field capacity. Wood waste materials have been 
successfully used in the field to control erosion on slopes and exposed soil 
surface (Chiroma 2006) .Their primary benefits are to enhance the ability of soil 
to support plant growth by fostering the various activities that plants need from 
water retention to microbial life. 
In Nigeria, where sawdust is heaped and burnt in ash (Ojeniyi and Adejobi, 
(2002) and Odedina et al (2003), studies showed that sawdust had a significant 
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effect on yield of vegetable and N, P, K, Ca and Mg contents (Odedina et al; 
(2003) stated that there is scarcity of information on the optimum level at which 
sawdust ash and wood ash can be used to raise coca seedling in the nursery. 
2.6 Effect of soil organic matter on soil properties: 
2.6.1 Effects on Soil Physical Properties: 
 Marked differences occur in the hard setting of sandy soils relative to clay 
and organic soils. For example, Harper and Gilkes (1994) found that half the 
maximum strength of a selection of 219 soils, with clay contents ranging 
between 0 and 33%, was achieved at a clay content of 8%, while increasing 
organic carbon content decreased soil strength. Soil strength is commonly 
related to other soil attributes including exchangeable sodium and magnesium 
contents and clay mineralogy (Mullins et al. 1990). Thus, although the practice 
of adding clay to soils may remediate water repellency, it may cause the 
development of hard setting and crusting. 
Smallholder farmers in semi-arid West Africa consider manure to be a 
cornerstone of their soil fertility management strategies. Manure is a source of 
plant essential nutrients and is beneficial to soil physical properties.  The 
addition of manure to fields can improve soil pH, cation exchange capacity, 
water-holding capacity and soil structure. Furthermore, farmers believe that 
application of manure can reduce wind erosion (Sterk and Haigis, 1998). 
Manure breaks down more slowly in soil than do inorganic fertilizers. It acts as a 
slow release fertilizer which provides nutrients over  a longer period  and often 
has a residual effect which may lasts for one or two further growing seasons 
(Harris, 2002). 
2.6.1.1 Aggregate stability 
 Aggregated soil structure is the most desirable condition for plant growth 
(Hillel, 2002). Soil aggregation improves soil moisture status, nutrient dynamics, 
and soil tilth (Oades, 1984). It also reduces nutrient losses through soil erosion 
and surface runoff. According to the hierachical model of aggregate  
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organization developed by Tisdal and Oades (1982), roots and hyphae are the 
major binding agents for macro aggregates (>0.25mm), while humic compounds 
promote micro aggregate (<0.25mm) formation. 
 Fertilizer applications often increase soil aggregation through their 
influence on crop production since more crop residues are returned to fertilized 
than unfertilized soils (Gregorich et al., 1996; Cambbell et al., 2001). 
2.6.1.2 Water holding capacity 
Hudson (1994) reported that soils high in organic matter had greater 
available water holding capacity than soils of similar texture with less organic 
matter. Improvement in soil aggregation due to organic matter accumulation 
positively affects germination of seeds  growth and development of plant roots 
and shoots (van Noordwijk et al., 1993). However, the relationship between 
organic matter and soil physical properties is not always easely defined.  
2.6.2 Effects on Soil chemical Properties: 
 Use of manures increases the C input to soil improving soil organic 
matter concentration (Tarecki and Lal, 2003). Follett (2001) estimated that 
application of manure would result in soil organic carbon sequestration at the 
rate of 200-500 kg C ha-1 year-1. Composted manure applications up to 45 Mg ha-
1 year-1 for 2 years increased SOM and led to more water-stable aggregates of  >
2mm in conventional tillage and No-tillage systems (Whalen et al., 2003). 
 Wezel et al. (2000) indicated that in arid and semiarid ecosystems, soil 
organic matter content is one of the most important factors in the storage of 
nutrients in generally nutrient-poor sandy soils, which is the main limiting factor 
for plant productivity in desert ecosystems. 
 Essential nutrients are vital to plant life cycle (Bell, 1982), and act as 
determinants of the composition, structure, and productivity of vegetation. While 
the base richness of the parent material is initially important in determining soil 
fertility, biological activities are important in creating and maintenance of 
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localized areas of enhanced soil fertility, often on base-poor soil substrates 
(Scholes, 1991). 
2.6.3 Effects on soil biological properties: 
Organic matter inputs are the main resources for soil macro-and 
microfauna, thus controlling biological activity (Brown et al., 1994). 
Specifically, enzyme activities have been suggested as good early 
indicators of changes in soil properties because of their relationship to soil 
microflora, the easiness of measurement and their rapid response to changes in 
soil management (Dick, 1994). Moreover, the substrates utilization patterns of 
the soil microbial communities are known to be sensitive to management 
practices (Marx et al., 2001) while their functional diversity could provide 
information on the resilience of these communities to stress. 
Changes in microbial activities and the composition of soil microbial 
communities can in turn influence soil fertility and plant growth by increasing 
nutrient availability and turnover, disease incidence or disease suppression 
(Pankhurst et al., 2005). 
SOM controls many chemical, physical and biological properties that 
affect the capacity of a soil to produce food, fibers and fuel. It is the main source 
of eco system energy, and also the main source and temporary sink of nutrient 
for plant in the agrosystems. 
 Feller, (1995) stated that application of organic matter to the soil plays  a 
major role in soil fertility. He conducted that the storage of nutrients (mineral 
supply function) like P, Ca, K, Mg are associated in anion exchangeable form to 
SOM. However, in sandy soils, naturally poor in nutrients, organic matter 
constitutes an interesting reserve for essential nutrients. 
An important step in addressing the low productivity of degraded sandy 
soils is to address the fundamental problem of diminished nutrient holding 
capacity as CEC associated with a decline in soil organic matter. Possible 
approach to address the forementioned issue is through the application of natural 
13 
 
organic materials (Noble et al, 2004, Noble et al, 2001) or industrial waste 
products that are easily available resource for poor farmers. 
Soil organic matter (SOM) build up: 
 Input of organic residues can be done in situ through adoption of 
agricultural systems that provide organic input continuously. Such systems, that 
produce good quality of litter,  above and below ground, can  compensate for the 
harvestable parts taken out of the systems. (Adiku et al 2009). Inclusion of 
pasture agroforestry system with tree components may provide leaf and roots 
litter,  Rotational cropping systems where green manure are incorporated may 
also helps.  (Milne and Haynes, 2004). Addition of organic materials can also be 
added from outside the system, such as application of composts, animal manures 
and some organic industrial by products (Anda et al, 2008). 
 The quality of organic residues applied is an important driving factor in 
build –up of SOM in sandy soils. The quality of organic materials is determined 
by their chemical as well as physical characteristics that influence 
decomposition and nutrient transformation of the residues. Although, chemical 
characteristics like contents of carbon, nitrogen, carbon to nitrogen ratio, lignin 
and polyphenols were widely investigated.  Physical characteristics, some 
investigation have produced affirm body of knowledge as to the influence of 
some physical properties of residues on their decomposition in soil. (Heal, et  al 
1997). 
 It has been hypothesized that residues resistant to decomposition, i.e. 
those that contain large amount of recalcitrant compound, such as lignin and 
polyphenols,  and possess high C/N ratios in general, can bring about greater 
SOM accumulation relation compared to easily decomposable residues. (Grime 
et al, 1996) 
  Based on chemical compositions alone, Palm et al. (2001) have classified 
organic residues into 4 types to guide the selection of residues that provide 
optimal N in puts for soil fertility managements. The classification employs 
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minimum set of quality indicators, i.e. N, lignin and poly phenol content of 
organic materials. Vitakeon and Dangthaisong (2005) have shown that this 
classification system may have limited applicability in farm system that have 
both upland crops paddy rice subsystems, such as  that commonly found in 
northeast hailand. Because there are different N mineralization / 
immobilizations patterns under submerged and aerobic condition. 
 Soil organic matter (som) level in cultivated sandy soils can be built up by 
increasing organic input   into the system in two methods. Firstly, by increased 
qualities of organic residues within the system itself, such as under pasture, 
rotation with green manure crops or having trees that produce litter of desirable 
quality. It can also be achieved by bringing  organic inputs from off- farm 
source such as industrial by products, animal manure etc. Quality of organic 
residues brings about short term nutrient release; low quality (slowly 
decomposed) residues tend to enhance the stable pool (humic substance) of 
SOM. Another measure is to minimize soil disturbance by   ploughing as it has 
been shown to reduce SOM content through enhancing decomposition. 
Use of compost: 
 Composted organic material is applied to agricultural field as an 
amendment to provide nutrient and also enhanced the organic matter content and 
improve the physical and chemical properties of the cultivated soils. Land 
application of composted materials as a fertilizer source not only provides 
essential nutrients to plants, but also improves soil quality and affectivity 
disposes of wastes. 
 Tropical Soils are often unproductive because some of these soils are 
prone to strong phosphate fixation that renders phosphorus unavailable to plants. 
Soils that are prone to such phosphate fixation (adsorption of plant to oxides and 
clay minerals) often require extremely high phosphate fertilizer application in 
order to alleviate the effect of phosphate fixation. Selvi et al. (2003) reported 
that application of rock phosphate with organic manure enhances the dissolution 
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of rock phosphate in the soil and thus increase the plant availability of P.  
Bagavathiammal and Manimairaja, (1999) reported that the organic acids 
produced during the decomposition of organic manure supply protons for rock 
phosphate dissolution. 
 Soil acidity and mineral deficiencies can be corrected by liming and 
fertilization but, these are not always viable options for small or resource – poor 
farmers (Hue, 1992). However,  the some author reported that green manures 
and composted organic material increase soil organic matter and provide plant 
nutrients; alleviate aluminum toxicity, and render, phosphorus more available to 
crops. This increased availability of phosphorus is believed   to be the result of 
their action of organic matter – derived molecules with soil minerals (Hue 
1992). 
 Fertilizer recommendations, cropping calendar and the farming system, 
therefore,  need to take into account the seasonal availability of N. Nyamargara 
et al. (2003) reported that nitrogen uptake from the organic waste  material 
(animal manure) was greater in the second compared with the first season . This 
implied that the N form the organic fertilizer become more available (through 
mineralization) for plant uptake in the second year compared with first year 
Nyamangara. et al (2003) In addition to nutrient value, the application of 
aerobically composted organic waste (manure) to soil dose not cause an 
environmental hazard  regarding NO-3 leaching presumably due to the high 
degree of stabilization that occurs during the decomposition of the organic waste 
Nyamangara. et al (2003) reported that the organic waste (composted manure) 
application actually enhanced the efficiency use  of mineral N fertilizer by crops 
when the two were applied in combination. 
 Among the practice recommended for improvement of the soil and soil 
fertility in tropical regions, is application of composted organic wastes, which 
slowly release significant amounts of nitrogen and phosphorus (Muse,1993; 
Zibilaske, 1987) In addition to supplying plant nutrients, organic compost has 
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been shown to increase soil organic matter, enhance root development, improve 
germination rates and increase water holding. Capacity of soils (Muse, 1993 
Zibilaske, 1987). Application of organic material promotes biological activity. 
Enhances nutrient exchange capacity and improves the structure of soil (Muse, 
1993; Zibilask, 1987) 
 A study carried out by Mtabanegwe et al (2007) on sandy soils in 
Zimbabwe to investigate the effect of organic resource quality on maize yield 
showed that maize yield increased linearly with total N added in these resources 
in combination with N fertilizer. They documented improvements in soil 
physical properties and in maize yield and shown significant correlations 
between soil organic matter and porosity, water holding capacity and yield. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17 
 
CHAPTER THREE 
3.0 MATERIALS AND METHODS 
3.1. General: 
 This experiment was carried out in the research field of the Department of 
Horticulture Faculty of Agriculture, University of Khartoum shambat (latitude 
150 14/ N, Longitude 320 32/ E) during the winter season of 2010, 10 January-10 
April.   
The main objective was to study the effect of wood shaving on the improvement 
of sandy soil with subsequent effect on yield of fodder (maize).   
3.2. Test Crop:- 
 Line B177 Flint yellow is  a fodder maize Obtained from the Department 
of Agronomy, Faculty of Agriculture, and University of Khartoum. 
3.3. Soil:- 
 The soil used in this study was a sandy and collected from West 
Omdurman (lat-15.37N, long 32.13 E). The area was characterized by low 
rainfall, desert erosion encroachment, and high wind erosion low relative 
humidity, high temperature especially in summer and low temperature at early 
morning hours in winter. The soil was classified as order: Aridsols  
Hypeothermic, Sandy Clay Loam, mixed, gypsic camicorthid (National Center 
Research 1994). 
Some physical and chemical properties of the soil are given in Table 3.1. 
3.4. Organic Amendments:-  
 The organic amendment used in this study was wood shaving collected 
from local wood shaving factories. Table 3.2 shows some chemical properties of 
the wood shavings (sawdust).   
3.2-Expremental Layout: 
 Five kgs of a sandy soil was placed in plastic pots having dimensions of 
20cm height and 25cm internal diameter. The top 5cm of each pots was left 
empty for irrigation.  
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The treatments were as follows: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer.  
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1. 
 Each treatment was replicated four times (total experiments are 
6*4=24unit) and the whole experiment was duplicated for the purposes of roots 
study. Therefore, the total experimental units were 48.The pots were arranged in 
a Completely Randomized Block Design (CRD) and placed at the research site 
of the Department of Horticlture, Faculty of Agriculture, University of 
Khartoum, Shambat.   
 Wood shaving was incorporated homogeneously in each pots. The 
inorganic fertilizer was applied at the recommended rate in the form of Urea and 
Triple Super phosphate (TSP). Accordingly, Nitrogen was applied after tow 
weeks from the germination at the rate (5.5g per pots) in the form of urea 
(46%N) while phosphorus was applied at sowing at the rate of   (2 .2g per pots) 
in the form TSP (46%P2O5). Seeds of maize were sown at the rate of 7seeds in 
each pot and thinned to three stands per pot after two weeks from sowing. 
3.3 Irrigation: 
 Immediately after sowing, pots were irrigated according to field capacity; 
the irrigation interval was every 3 days. Irrigation was carried out when 70% of 
the field capacity was reached.  
3.4 Parameters: 
 At physiological maturity (90days), plants were cut by blade at about 5cm 
above the soil surface. Plant fresh weight was measured using top balance. The 
average fresh weigh was recorded as g /plant -1 as described below:  
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Mean weigh shoot plant (g/ plant -1)   = total weight of plants (g)/3.plants were 
then oven dried (70C) for 48hrs and dry matter yield was recorded according to 
the following formula: 
Dry matter   (g plants -1) = Dry weight/No. of plants 
3.4.1 Root measurement: 
 Roots were collected by washing with water after keeping out the pots and 
the soil was considered as destructive soil. Then the roots were cut by a blade 
and the average and the dry matter was determined as explained earlier. 
 3.5 Soil Analysis: 
3.5.1 Physical properties: 
3.5.1.1 Practical size distribution:   
 The content of sand, silt and clay were determined using the hydrometer 
method previously developed by Day (1956). Briefly, 40g air dry (2mm) soil 
was transferred to the special met al distribution beaker, with exactly 50 ml of 
50 of 10%sodium hexametaphosphate solution buffer after shacking for 10 
minutes. The beaker was attached to the dispersion machine and stirred for 5 
minutes. Then after, the contents were washed in to a sedimentation cylinder and 
diluted to 1000 ml with distilled water. The contents of the cylinder were then 
dispersed for about 10 stoke using the plunger and the time. After the last 
dripping was taken as time zero.        
Measurement:- 
  After the last stroke, the hydrometer (152H.62 ASTM soil hydrometer) 
was carefully inserted into the suspension and reading was taken after 40 
seconds and that represents content of Clay and silt. The temperature of the 
suspension was also recorded. A reading for the hydrometer in a blank 
suspension consisting of the dispersion agent diluted to 1000 ml was taken as a 
control. After 2hrs, the hydrometer reading was gain recorded for the 
determination of clay.  
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Calculation:  
 (Clay + silt) % = (R1S – R2B) + (T1– 19.4) X0.36 X100 
                                            Wight of oven dried soil  
Clay % = (R1S – R2B) + ((T2 -19.4) X 0.36 X100 
                             Wight of oven dried soil 
R1S = Reading of Hydrometer (Sample)  
R2B = Reading of Hydrometer (Blank)  
Ti= temperature of suspension after 40 sec  
T2 = temperature of suspension after 2 hrs. 
Silt % = (Clay + silt% - Clay %)  
Sand = 100 – (Clay + silt). 
3.5.1.2 Water Holding Capacity (W.H.C):  
 Water holding capacity was measured by ad ding air dry soil to 4 replicate 
rings and packed gently. The rings were placed on a plate and water was applied 
gently around the rings. The rings were left overnight until saturation (water 
appeared at the surface). Excess water was siphoned off and the rings were left 
for 6 hrs. Immediately the weight of all rings was recorded and the oven dry 
weight was measured after 48 hrs from drying at 1050C. 
Gravimetric soil water content was calculated as follows: 
W1 = Air dry weight of the sample. 
W2 = oven dry weight of the sample. 
W.H.C (%) = W1-W2 X100 
                           W2                                     
3.5.2Chemical Properties: 
 Chemical analysis included pH, OC, CEC, TN, Soluble P and soluble K. 
pH was determined using Ph meter (Modle3505). Total N was determined 
according to the method of AOAC (1984). using micro-kjelahl nitrogen 
digestion and distillation method organic carbon was determined according to 
Walkaly and black (1934). 
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Table 3.1: Phsico- chemical properties of the experimental soil. 
 
 
O.M = Organic Matter 
CEC= Catoin Exchange Capacity Cmole kg-1 soil 
W.H.C= Water Holding Capacity 
PSD= particle Size Disribution
Chemical properties (soluble cations) Physical 
properties
P S D 
 
p H 
O.M CEC TN Available 
P 
K TC Mg Ca W.H.C Sand Silt Clay 
gkg-1 Cmol- 
kg-1 
gkg-1 ppm gkg-1 gkg-1 gkg-1 gkg-1 % % % % 
7.96 0.24 21.1 0.5 0.13 3.85 0.075 1.2 1.4 29.6 78.3 10.4 11.3 
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Wood shaving analysis:  
 3.2.1 Determination of p H:  
 10 ml of distilled water was added to 1g sample and shacked for1 hours 
then pH was determined by using pH meter model No. 44611. 
 3.2.2 O.C: 
 Organic carbon was measured by using the modified Walky Black 
methods (Walky and Black, 1934). Briefly 10 ml of K2 Cr2O7 (1N) was added to 
0.05g Of the wood shaving followed by 20ml of conc. H2SO4 by careful addition 
of 20ml   of conc. H2SO4 , the clear solution was separated and completed to 
100ml with distilled water. After one hr 10ml of conc. Ortho phosphoric acid 
was added 2-3 drops of ortho phenatrotine were added to 10ml of the pure 
solution. Then titrated Vs ferrous ammonium sulphate (0.05N). 
3.2.3Determintion of Total N:  
 Total nitrogen was determined according to the method of AOAC   (1984) 
using micro-kjeldahl nitrogen digestion and distillation method.0.02gm of oven 
dried sample was weighted into a 100ml kjeldahl flask, 0.4g of catalyst mixture 
and 3.4ml of concentrated sulphuric acid were added. The sample was heated in 
an electric heater for 2hrs. The sample was cooled. Diluted, and was placed in 
the distillation apparatus; 20ml of the 4%NaOH were added and distilled for 
7min.  
 The ammonia evolved was received in 10ml of 2% boric acid solution, 
contained in a conical flask attached to the receiving end. 
The trapped ammonia was titrated a against 0.02HCL using universal indicator 
(methyl red +bromocresol green). 
Calculation: 
Nitrogen (%) =V.HCL*N (HCL)*14*100*100/Wt.of sample 
Where: 
V = Volume of HCL. 
N = Normality of HCL.  
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Wt = Weight.  
14 = Molecular weight of nitrogen.  
3.2.4 Content of Calcium and magnesium:  
 Calcium (Ca+2) and magnesium (Mg+2) were determined according to 
AOAC method (1984). 2 ml of ash extract were taken in a 50 ml conical flask. 
20ml of distilled water, 10 drops of buffer ammonium chloride were added with 
3-4drops of eriochrome black T, (E.C.B.T) to give a purple colour.   
The mixture was titrated against (0.1N EDTA) until a blue colour indicating the 
end point was reached.  
The Mg+2 content were estimated by sub-extracting the calcium from Ca+2, Mg+2 
contents as fallows:  
(Ca+Mg) (%)  =TR*N (EDTA)*D.F*M.Wt*100/50*weight of sample. 
Where: 
TR = Titration reading.  
N = Normality of ethylene diamine tetra acitic acid  
DF = Dilution factor.  
M.Wt = estimated Molecular weight of element  
Calcium:- 
The calcium (Ca+2) was determined according to the method of AOAC (1984) 
using titration method by taking 2ml of ash extract in a 50 ml conical flask and 
completed to 25 ml by distilled water, 15 drops of  meroxide  indicator  was put 
it,  with sodium hydroxide and titrated against EDTA.  At the end the colour 
changed from pink to violet. 
Calculation: 
Ca (%) = TR*N (EDTA)*D.F*M.Wt*100/50*weight of sample. 
Where: 
TR = Titration reading.  
N = Normality of ethylene diamine tetra acitic acid  
DF = Dilution factor.  
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M.Wt = estimated Molecular weight of element  
The inorganic materials were customary determined as wood shaving after being 
heated at specific heat degree. 
 Two gram was weighed in to a preheated, cooled weighed crucible. The 
sample was placed into a muffle furnace (Type MR170E, Heraeus, and Hanau). 
At 550-600C until a constant weight was obtained .The weight of wood shaving 
after a shing was defined as ash content. 
3.2.5 Phosphorus determination:  
 Analysis of phosphorus was carried out according to the method of 
Chapman and Pratt (1961). 2ml of ash extract were pipette into a 50 ml 
volumetric flask and 10ml of ammonium molybadate –ammonium van date 
reagent was added. The content of the flask was mixed   and diluted to volume. 
The density of the colour was read after 30 minutes at 470 nnm. Using  a 
colorimeter (lab system Analsis-9 filter, J.Mitra and Bros pvt. Ltd). A standard 
curve of different KH2PO4 concentration was plotted to calculate the phosphorus 
concentration.  
P =Reading curve *ash dilution *100/10)6*oven dry weight of sample 
3.2.6 Determination of Acid Detergent fiber (ADF): 
 It was determined according to a method described by Van Soat et al 
(1991) as follows: 
  One gram of air dried sample passed through a 1mm screen was 
transferred to a 600 ml refluxing beaker. Then 100ml of ADF solution was 
added. The beaker was placed on hot refluxing apparatus in the cond1encer 
place then the beaker was heated to boiling (5-10min) and adjusted to a gentle 
boiling reflux for 1hr at about 60C. Then the beaker was placed in a previously 
tarred crucible (X) on the filtering an apparatus. The beaker was swirled to 
suspend solids and then the crucible was filled twice again with acetone. The 
crucible was dried at 135C for 2 hr then cooled in desiccators and weighed (Y).  
 The ADF was calculated as fallow:-  
25 
 
ADF % =(Y-X)*100/Wt of sample (DM) 
Where: 
Y = dry weight of sample plus crucible  
X = weight of crucible.  
3.2.7 Determination of neutral fiber (NDF): 
70 ml of neutral detergent fiber NDA was  added to 1g sample of wood shaving 
(dry and passed through 1mm sieve) and  transferred to  a 600ml refluxing 
beaker placed on a hot  (60C ) a apparatus and heated  till boiling (5-10min) for 
1h. Then transferred to a previously tarred crucible (X) on the filtering 
apparatus. The beaker was swirled to suspend the solids and filled the crucible, 
then filtered using a low vacuum, then rinsed the sample (in the beaker) on the 
crucible with a minimum amount of hot water at 100C, and filled the crucible 
twice with hot water and filtered again (repeated twice with acetone) and dried 
at 135C for 2hr and cooled in a desiccators and weighed. (Y). Ashed the wood 
shaving in the crucible for 3hr at 55C and weighed (Z).  
Calculation:- 
NDF % = (Y-X)-(Z-X)*100/Wt.of sample  
NDF = Neutral detergent fiber 
 X = the crucible weight  
 Z= ash weight (55C) 
 3.2.8 Determination of acid detergent lignin (ADL): 
 For the cooled desiccated sample in (ADF) 72% H2 SO4 was added, then 
stirred with glass rod to a smooth paste then left to stand for 4h and stirred 
hourly. The glass rod was rinsed with hot water and filtered completely with 
vacuum. The content was dried at 135Cfor 2hrs. (Y2) and then ignited at 550C 
for 3h in a muffle furnace and cooled in a dissector then the weight was recorded 
(Z). The ADL was calculated as follow: 
ADL% = (Y2-Z)*100/Wt.of sample   
Where: 
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ADL% =Acid detergent lignin.  
Y2= Dry weight at 105C 
Z =Dry weight at 550C  
3.2.8 Determination of Cellulose: 
It was determined by difference between ADF and ADL. 
Cellulose %   =ADF-ADL 
Where: 
ADF = Acid detergent fiber. 
ADL = Acid detergent lignin  
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Table 3.2:  Characterization of the organic material. 
 
 
 
 
 
 
 
O.C =Organic Carbon  
WHC = Water holding Capacity  
Organic 
material 
pH O.C TN TC TK C/N TP Ca Mg Ash  WHC lignin Cellulose 
Wood 
shaving 
 % % % %  % % % % % % % 
5.17 27 0.35 35 2.34 100 5.3 2.6 7.2 10.5 72.7 32.5 41.03 
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Soil analysis:- 
Chemical analysis: 
 Chemical analysis included pH,  O.C, CEC, TN, available  P, and Soluble 
K. pH Was determined using pH meter (Model3505).Total N was determined 
according to the method of AOAC (1984) using micro-kjelahl nitrogen digestion 
and distillation method. Organic carbon was determined according to Walkly 
and Black (1934). 
Plant analysis:-  
 Plant analysis included nitrogen level which was determined according to 
the method of AOAC (1984) using micro-kjelahl nitrogen digestion and 
distillation method.  Also shoot and root potassium was measured. 
Statistics: 
  Variations between treatments were determined by subjecting data to the 
analysis of variance system (ANOVA) using Statistical Analysis System (SAS), 
Institute, Inc. (1987 
Least significant Difference LSD test was used to determine differences between 
means at a probability of P> 0.05. 
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CHAPTER FOUR  
4.0 RESULTS AND DISCUSSION 
4.1 Soil analysis: 
4.1.1 pH: 
 Figure (4.1) shows the effects of the amendments on soil pH of the soil. 
Results showed that addition of the organic amendment had no significant 
(p≤0.4381) effects on soil p H. 
The lowest values were recorded from the treatments of inorganic fertilizer NPK 
(7.7), wood shaving (5tha-1) with recommended dose of inorganic fertilizer 
(7.75) and wood shaving (5tha-1) (7.78). The highest values were determined in 
the wood shaving (10tha-1) with recommended dose (7.88), wood shaving 
(10tha-1) (7.86) and the control (7.8), respectively. Although, effect of sawdust 
on pH was not significant, it seems that higher doses (10tha-1) tend to increase 
pH. This is in agreement with the findings of Owolabi et al. (2003) working in 
South West Nigeria. This may indicate there was an increase in soil alkalinity 
(i.e increase in basic cation especially Ca2++). 
 Folorunsho (1999) conducted trials in southwest Nigerian soil and found 
positive responses in the yield and nutrient contents of amaranthus and okra to 
application of wood ash treatments. The assertion that ash increased soil pH 
corroborated the findings of Odedine et al. (2003) that apart from the ash 
serving as reservoir of plant nutrients, it also increased the pH of soil, and this 
was attributed to abundance of alkaline earth materials.  
  These results indicate that wood shaving (5tha-1) with recommended dose 
and wood shaving, 5t/ha have released higher concentrations of H proton during 
decomposition. It may also be stated that addition of less wood shavings with 
high C/N ratio supplied less C source as compared to 10tha-1.  This may 
stimulate more biological activity, specially, if N concentration is low. The 
inorganic NPK fertilizer treatment contains Triple Super phosphate and Urea 
which were  acidifying fertilizers may also decrease pH. 
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 Although, the decrease in pH due to application of   wood shaving (10tha-
1) with recommended and that of  the  control were not observed, this may 
indicate less decomposition due to insufficient microbial activity resulted in less 
release of  H protons. However, these results are in contradiction with findings 
of Sterk and Haigis (1998) who stated that application of manure to soil can 
increase soil pH, Cation Exchange Capacity, water holding capacity and soil 
structure. These discrepancies were attributed to the initial chemical 
composition of the incorporation materials.    
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Figure 4.1 Effect of organic amendments on Soil pH. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).  
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 
P≤ 0.4     
C.V 1.74 
 LSD 3.06    a a 
a a a
a 
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4.1.2 Cation Exchange Capacity: 
 The cation exchange capacity as influenced by treatments is illustrated in 
Fig (4.2). Statistical analysis showed that there were no significant differences 
(P≤0.06) between treatments. 
 Despite results of the statistical analysis, it could not be overlooked that 
incorporation of wood shaving (10tha-1) with recommended dose resulted in the 
highest amount of cation exchange capacity (21.37 c-mol kg).The lowest values 
were obtained from the control, wood shaving (5tha-1) with recommended dose, 
wood shaving (5t ha-1), wood shaving (10tha-1) and the inorganic fertilizer NPK, 
respectively. 
 These results showed that addition of organic amendment to sandy soils 
may improves (in the long-term) its adsorption capacity to retain nutrients and 
consequently also improves nutrients status. However, this is also supported 
earlier by Doran et al. (1994) who reported that decomposition of organic 
materials in heavy texture soils is slower than that on course texture soils. They 
attributed these low rates in fine clay to physical protection of organic material 
against grazing by micro-organisms. In addition, many previous results 
demonstrated that on light textured sandy soils containing low activity clays 
with limiting buffering capacity, increasing the nutrients retention properties of 
the soil can be attained with addition and incorporation of high - activity clay 
(Noble et al; 2001; Nobel et al 2003; Nobel et al 2004).This retention was solely 
attributed to the permanently increase in the CEC of the soil and provide 
positive yield benefits. 
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Figure 4.2 Effect of organic amendments on Cation Exchange Capacity. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).  
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 
 
 
P> 0.06 
C.V 9.96 
LSD 3.6 a a 
a a a 
a 
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4.1.3 Water Holding Capacity: 
 Results showed that application of organic amendments had not 
significantly (P ≤ 0.41) increased soil water holding capacity (Fig.4.3). 
However, the highest value of water holding capacity (10.325%) was recorded 
from wood shaving, (10tha-1) with recommended dose followed by wood 
shaving, (5tha-1) with recommended dose (10.275%) and wood shavings at rate 
of 5tha-1. The lowest values were obtained from wood shavings (10tha-1), 
inorganic fertilizer and the control, respectively. 
 Suzuki and Nobel (2007) investigated  changes in the physical properties 
associated with water holding capacity and soil structural stability of  a sandy 
soil by applying various amendments (composted leaf litter, termite mound 
material and bentonite). They stated that although changes in silt and clay 
fraction were small, the application of these amendments enhanced porosity and 
altered the pore size distribution resulting in an increase in available water 
content for crop growth. 
 Grigg et al. (2006) reported that application of 80th-1 of sawdust improved 
soil moisture retention. However, they concluded that greater rates of sawdust 
are needed to achieve similar effects. For example, 5tha-1 of straw was able to 
improve water retention, where as 20tha-1 sawdust had minimal effect. This is 
also explains the fact that at low rates of sawdust (5tha-1), the smaller particles 
size sawdust did not provide any greater protection against evaporation. 
 Other studies showed that improving of light textured soils can be 
achieved by other materials. For example Miskissock et al (2000) reported that 
sandy soil can be improved by addition of clay sub soil materials.   
Low content of clay (≤2µm) is probably the most important soil condition for 
the natural occurrence of water repellency (Bond 1969).The severity of water 
repellency expressed in a soil can be influenced by very small changes in clay 
content (Harper and Gilkes 1994). 
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Figure 4.3 Effect of organic amendments on Soil water holding capacity. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
a a a 
a a 
a 
P≤   0.41      
C.V 2.95     
LSD 0.44    
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4.1.4 Total C: 
  Results showed that incorporation of organic amendments in poor sandy 
soil had significantly (P ≤0.0005) increased the content of total C in the soil. 
However, the highest values were recorded from wood shaving (5tha-1) with 
recommended dose (0.3g/kg) followed by wood shaving (5tha-1) (0.260g/kg) 
and wood shaving (10tha-1) with recommended dose (0.245g/kg), whereas the 
lowest values were found in the control, NPK, wood shaving, (10tha-1), 
respectively. 
 Price and Voroney (2007) studied the effect of paper milt on soil physical 
and chemical properties. They found that on plots planted with corn, total soil C 
was not significantly different between non amended and the amended 
treatments. Also, Zibilske et al. (2000) reported that substantial increase in total 
soil C only after the 5th year from application. 
 These results indicate that addition of sawdust to sandy soil may improve 
(in the long term) its organic matter content with consequent improvement in its 
fertility. Wezel et al (2000) reported that in arid and semi arid ecosystem, soil 
organic matter content is one of the most important factors in the storage of 
nutrients in generally nutrient-poor sandy soils, which is among the main 
limiting factors for plants productivity in desert ecosystem.    
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Figure 4.4 Effect of organic amendments on Soil total carbon. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 P≤ 0.0005 
C.V 10       
LSD 0.03   a 
b bc 
bc 
c c 
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4.1.5 Total N: 
 Results showed that incorporation of organic amendments in poor sandy 
soil  exerted a significant  (P≤0.0001) increase in the content of total N in the 
soil.  However, the highest values was recorded from wood shaving, (10tha-1) 
with recommended dose (0.24g/kg), followed by wood shaving, (10tha-1)   
(0.237g/kg) and inorganic fertilizer (0.235g/kg). The lowest values were found 
in the control, wood shaving (5tha-1) and wood shaving (5tha-1) recommended 
dose, respectively. There were no significant differences between NPK, wood 
shaving (10tha-1) and wood shaving (10tha-1) with recommended dose (Fig.4.5). 
 Later during the growing season, N could be released during 
decomposition of this physically protected organic material which resulted in 
release of mineral N in the soil. Nitrogen mineralization of added organic 
materials is a chemical process of transformation of organic form of N into 
inorganic forms following soil application of organic N containing material, 
such as animal manure or sewage sludge, are being used as soil amendments as 
a source of N and for improving quality of soils (Aldrich1980). 
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Figure 4.5 Effect of organic amendments on Soil total nitrogen.  
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
a a a 
a
b 
c 
P≤   0.0001 
C.V 12.8      
LSD 0.003   
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4.1.6 Soluble P:  
 Effects of treatments on content of soluble P in the soil are shown in Fig. 
4.6. Treatments resulted significant (P≤0.0001) different effects on soluble P. 
The wood shaving (10tha-1) with recommended dose treatment resulted in the 
highest soil soluble P (0.2825ppm), followed by wood shaving (5tha-1) with 
recommended dose (0.2375ppm). High content of soil P in treatments with 
sawdust at the rate of 10tha-1 with inorganic fertilizer as compared  to sawdust at 
the rate of  5tha-1 with  inorganic fertilizer could be due to the a cumulative 
release of the small amount of mineralized P from the sawdust. However, 
addition of N may stimulate microbial activity responsible for decomposition.  
The increases in soil nutrient contents as a result of addition of sawdust ash and 
wood ash might be also attributed to enhance microbial activities in soil (Baath 
and   Arnebrant, 1994) and production of organic matter and attendant increased 
availability of N, P, K, Ca, and Mg. 
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Figure 4.6 Effect of organic amendments on Soil available phosphorus.  
Error bars are standard deviations. 
Histograms with similar letters) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
a 
a 
b b b 
b
P≤   0.0001 
C.V 18.7      
LSD 0.04     
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4.1.7 Soluble K: 
 Results showed that there were significant (P ≤ 0.0001) differences among 
treatments in the content of soluble K in the soil (Fig4.7). However, the highest 
value of soluble K was recorded from the inorganic fertilizer NPK (48.55g/kg) 
followed by wood shaving, (10tha-1) with recommended dose (28.10 g/kg). High 
soluble K in the soil may indicate that there was less K up take by plants. This is 
supported later in this thesis where shoot dry matter in the sawdust treatment 
was significantly lower compared to sawdust with combined application of 
sawdust.    
 There was no significant difference between wood shaving, (10tha-1) with 
recommended dose, wood shaving, (10tha-1), wood shaving, (5tha-1) with 
recommended dose and the control. Though, small variations were observed.  
 These results clearly show that incorporation of such organic materials in 
sandy soil of poor quality could improve K nutrition in the long - term status and 
hence improve its quality for crop production. 
 Application of sawdust had significantly increased levels of K in the soil 
(Starbuak 1994; Olayinka and Adebayo 1984)  
Land application of composted materials as a fertilizer source not only provides 
essential nutrients (N, P and K) to plants, it also improves soil quality and 
effectively disposes wastes.   
Owolabi et al. (2003) found that wood ash treatments applied to soil increased 
soil organic matter, N, P, K, Ca and Mg contents and leaf K, Ca and Mg status 
of maize and yam.  
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Figure 4.7 Effect of organic amendments on Soil available potassium. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
P≤ 0.0001 
C.V 3.86   
LSD 1.74    a 
b bc bc bc d 
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4.2 Plant analysis: 
4.2.1 Shoot dry matter content: 
 Shoot dry matter content was significantly (P ≤0.0001) affected by 
treatments (Fig.4.8). Incorporation of wood shaving, (10tha-1) with 
recommended dose, NPK and wood shaving (5tha-1) with recommended dose 
had resulted in the highest dry matter content (7.865, 4.55 and 4.2025 g/plant, 
respectively). However, there were no significant difference between NPK and 
wood shaving (5tha-1 with recommended dose treatments). The lowest values 
were obtained from the control, wood shaving (5tha-1) and wood shaving (10tha-
1). (1.8, 2.35 and 2.95g /plant, respectively). 
 Olayinka and Adebayo (1984) reported that incorporation of untreated 
sawdust lead to  a  significant in maize growth, dry matter yield and uptake of N. 
while the incorporated inorganically amended sawdust treatment produced 
significantly higher DM yield.  
 Similarly, Mtanbanengwe et al (2006) studied the short – term effects of 
different quality organic resources on maize productivity on two predominantly 
coarse sandy soils. They found that maize biomass yield and grain yield under 
maize stoner and sawdust treatments were depressed by 14% and 27% against 
the control, respectively.    
 These results clearly showed that incorporation of these amendments in 
sandy soils could improve its quality and produce high dry matter yield. 
This would possibly be due to the fact that maintenance of soil organic matter is 
important for the long –term soil fertility and productivity so as to sustain food 
production (Uri 2001; Lal 2002). 
 Also, the improvement of the capacity of sandy soils to retain water due to 
incorporation of organic materials may in part, explain these results. There 
results agreed with the findings of van Noordwijk et al. (1993) who stated that 
improvement in soil aggregation due to organic matter accumulation positively 
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affects germination of seeds and the growth and development of plant roots and 
shoots. 
 Moreover, Production of crops under degraded sandy soils is negatively 
affected by their low water holding capacity, low organic matter, low cation 
exchange and poor soil fertility (Mubarak et al., 2009).  
 Many studies had earlier reported positive effects of organic amendment 
on sandy soil systems. Tangkoonboribun et al. (2006) found that application of 
cattle manure at the rate of 25tons/ha and filter cake at the rate of 50tons/ha, 
sugarcane bagasse at the rate of 12.5tons/ha and clay soil at the rate of 75tons/ha 
improved properties of sandy soil and hence increased yield of sugarcane. 
Similarly, Berthelsen et al. (2006) found significant increases in crop biomass 
and yields of maize associated with clay additions to sandy soils 
 They suggested that the yield increases were due to combination of 
increased water holding capacity, nutrient availability and reduced nutrient loss. 
These results support the idea that degraded light textured soils can be highly 
productive if intrinsic properties are improved through amendments. Mubarak et 
al. (2009) reported that various sources of organic materials (mainly crop 
residues and manure) had resulted in significant positive effects on accumulation 
of plant dry matter and soil physical and chemical characteristics. Also they 
stated that organic amendments are necessary for the sustainable use of nutrient 
- poor sandy Sudanese sandy soils.  
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Figure 4.8 Effect of organic amendments on shoot dry matter  
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 
P≤ 0.0001    
C.V 12.1     
LSD 0.7      
a 
b b
c cd 
d
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4.2.2 Root dry matter content: 
 Results showed that treatments resulted in significant (P ≤ 0.0001) effects 
on root dry matter (Fig.4.9). Incorporation of wood shaving, (10tha-1) with 
recommended dose  resulted in the highest value (5.30g/plant) followed by 
wood shaving (5tha-1) with recommended dose (4.0 g/plant) and NPK treatment 
(3.54 g/plant). The lowest values were obtained from the control, wood shaving, 
(5tha-1) wood shaving, (10tha-1). (1.325, 1.350 and 1.525g/plant),  respectively. 
  The results reported here showed that addition of organic materials may 
enhanced the quality of the  poor sandy soils to support plant root-system and 
hence, improves the process of nutrients exchange. Therefore, the judicial 
application of combined inorganic and organic fertilizers may provide better 
conditions for plant growth. In this context,   Ladd et al. (1994) and Oberson et 
al (1996) stated that this phenomenon is widely accepted. Nowadays, it evident 
that integrated use of chemical fertilizers and organic amendments can maintain 
the long - term soil fertility and productivity. The benefits of balanced 
fertilization, use of crop residues organic amendments and green manuring in 
maintaining the soil organic matter level and crop production are increasingly 
being emphasized. 
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Figure 4.9 Effect of organic amendments on plant root dry matter weight. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
P≤ 0.0001     
C.V 17.2       
LSD 0.73      a 
b b
c c c 
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4.2.3 Shoot dry matter N content (g N kg-1): 
 The effects of treatments on shoot dry matter N content is presented in 
Fig. 4.10. Statistical analysis showed that all treatments had significant 
(P≤0.0001) effects on shoot dry matter N content. 
 Results revealed that treatments that resulted in the highest values were in 
the order of wood shaving, (10tha-1) with recommended dose > NPK > wood 
shaving, (5tha-1) with recommended dose.  These values were 0.882 g N/kg, 
0.60 g N/kg, and 0.415g N /kg, respectively. The lowest values were recorded 
from the wood shaving, (10tha-1) (0.35), the control (0.35) wood shaving, (5tha-
1) (0.4o).  low performance or low uptake of N in treatments supplied only with 
sawdust could possibly be  attributed  to low quality (i.e high C/N ratio, poly 
phenols and lignin content and low initial content which was bellow the critical 
level of 2.5%) (Palm, 1995). It is well known that application of such materials 
induce N immobilization during decomposition. However, combined application 
in this study found to improve quality of sawdust by lowering the C/N ratio. 
This clearly shows that for low quality organic resources, N release capacity can 
be enhanced by adding N fertilizer, a management option which may be 
desirable to small holder farmers who characteristically have access to little 
amounts of low quality organic sources. In support to this statement, 
Mtambenengwe and Mapfumo (2006) concluded that application of low quality 
maize stone and sawdust increased N immobilization by 30% and 40% 
respectively, relative to the control. This suggests that pre-application 
treatments, such as composting, enhanced several N benefits from these 
materials. These results indicate that the combined organic and inorganic 
fertilizer proved to be one of the important sources of N to the amended soil. 
Although application of sawdust at a rate of 5tha-1 resulted in the highest TN in 
the soil, plant uptake was not the highest. This might possibly due to the 
immobilization of NH4-N during decomposition. It is widely accepted that N 
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mineralization is a function of the quality of the decomposing materials 
(Vanlawue et al. 1996; Josh et al., 2006). 
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Figeur: 4.10 Effect of organic amendments on plant shoot total nitrogen 
content. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
  
 
 
 
 
 
 
P≤ 0.0001     
C.V 16.58     
LSD 0.12      a 
b 
c c c c 
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4.2.4 Root dry matter N content (g N kg-1): 
Figure 4.11 illustrates the effects of treatments on root dry matter N content. 
Results showed that treatments had significant (P≤0.0001) effects on content of 
N in the roots. The highest values were recorded from the wood shaving (10tha-
1) with recommended dose (1.45g Ngk-1) followed by application of wood 
shaving (5tha-1) (1.17 g Nkg-1) and incorporation of wood shaving (10tha-1) 
(1.10 gNkg-1). However, there was no significant difference between wood 
shaving (10tha-1) with recommended dose and   wood shaving, (5tha-1). The 
lowest values were obtained from NPK, the control and wood shaving/ (5tha-1) 
with recommended dose treatments, respectively.      
 As earlier explained, although, N content in the shoot dry matter obtained 
from combining wood shaving (10tha-1) with recommended dose treatment was 
found to the highest as compared with other treatments (Fig.4.8), it seems that 
the highest values of N found in roots of treatment with 10twood shavings is 
however consistent with the highest roots dry matter recorded in the wood 
shaving (10tha-1) combined with recommended dose treatment (Fig.4.11). 
However, this content of N remained in the roots of the other treatments. This 
may indicate that N had been immobilized in absence of added inorganic N.  
The presence of high concentrations of N in the roots of plants grown in the 
wood shaving, 10tons/ha plus recommended dose may show the fast release of 
N during decomposition of the wood shaving, in this treatment. This possibly 
due to the better quality of N in the treatment relative to the treatments. Earlier 
studies showed that N release from organic sources is a function of quality 
where high C source materials can be improved through mixing with source 
containing N (Seneviratne et al., 1998; Wu et al., 2000).     
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Figure 4.11 Effect of organic amendments on plant root total nitrogen. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
P≤ 0.0001     
C.V 19.3       
LSD 0.27      a 
a bc bc 
c 
d
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4.2.5 Shoot dry matter P content: 
Results showed that application of organic materials increased shoot P 
significantly (P≤ 0.0001) (Fig 4.12). However, wood shavings (10tha-1)  with 
recommended dose treatment recorded the highest value (9.650 g P kg-1).Values 
for other treatments were  6.825, 6.800, 6.425, 5.550 and 5.300 g P kg-1 for the 
treatments of wood shaving (5tha-1), wood shaving (10tha-1), control, wood 
shaving (5tha-1) with recommended dose  and  NPK, respectively.   
However, there was no significant difference between the control, wood shaving 
(5tha-1) with recommended dose and NPK treatments. High values of P in 
sawdust (10tha-1) with inorganic fertilizer are consistent with soil P content 
(Fig.4.6). Low values recorded in the NPK treatments may indicate that the 
growing period was too short for the P to be released. Most previous studies 
involving sawdust as an amendment for sandy soils, concentrated on yield and N 
content (Mtambanengwe et al., 2006). 
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Figure 4.12 Effect of organic amendments on plant shoot phosphorus 
content.  
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer . 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
P≤ 0.0001     
C.V 11.61     
LSD 1.16      a 
b b bc 
c c
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4.2.6 Root dry matter P content: 
 Results showed that application of wood shaving had significantly        
(p≤ 0.0001) increased plant roots content of P (Fig 4.13). The highest values 
were recorded from the inorganic NPK fertilizer (2.55 gPkg-1) followed by wood 
shaving (5tha-1) with recommended dose  (1.9 gPkg-1), wood shaving (5tha-1)  
(1.9 g P kg-1) and wood shaving (10tha-1) (1.9 gPkg-1).  The lowest values were 
obtained from the control, wood shaving (10tha-1) with recommended dose 
treatments, respectively. However, there were significant differences between 
the control and all the other treatments.  
 As mentioned before, wood shavings (10tha-1) with recommended dose 
recorded the highest uptake of P in plant shoot dry matter. Therefore, it is 
justifiable to record low content of P in the roots.  
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Figure 4.13 Effect of organic amendments on plant root phosphorus 
content.   
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 
P≤ 0.0001     
C.V 11.3       
LSD 0.31      a 
b b b
c
c
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4.2.7 Shoot dry matter K content: 
 Results clearly showed that treatments had significant (P≤ 0.0003) effects 
on plant shoots K (Fig 4.114). The effect was in the following order: Inorganic 
NPK fertilizer > wood shaving (5tha-1) with recommended dose > wood shaving 
(10 t ha-1) > control.  T he respective values are 21.95, 20.75, 20.475 and 20.42 
g K kg-1, respectively. In details, there was no significant difference between 
inorganic NPK fertilizer, wood shaving (5tha-1) with recommended dose and 
wood shaving (10tha-1).  Application of wood shavings was earlier reported to 
increase soil content of K (Starbuck 1994; Olayinka and Adebayo 1984). High 
values recorded from the inorganic fertilizer treatment are attributed to the 
application of TSP. The lowest values were recorded from the wood shaving (10 
tha-1) (16.825g K kg-1) and wood shaving (5 tha-1) (16.9g K kg-1), respectively. 
 The uptake of the plant shoot for K from the soil by all the treatments 
seems to be reasonable comparing with the content remaining in the soil (Fig. 
4.7). 
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Figure 4.14 Effect of organic amendments on plant shoot potassium 
content. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
  
 
P≤ 0.0003     
C.V 7.59       
LSD 2.20     a a a a
b b 
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4.2.8 Root dry matter K content: 
 Results showed that treatments had significantly (P≤ 0.0001) different 
effects on plant roots content of K (Fig.4.15). The control resulted in the highest 
values (15.77). However, the content of the root K found in wood shaving 
treatment (5tha-1), wood shaving (5tha-1) with recommended dose were 9.3 and 
9.05 g kg-1, respectively. The lowest values were obtained from wood shaving 
(10tha-1) (5.825) and inorganic fertilizer (6.925). Low values recorded from 
amended treatments could be due to translocation to the shoot system. 
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Figure 4.15 Effect of organic amendments on plant root potassium content. 
Error bars are standard deviations. 
Histograms with similar letter(s) are not significantly different at P≤ 0.05 using 
least significant difference (LSD).                                                         
Treatments: 
C: Control (no fertilizer no wood shavings). 
F: Inorganic fertilizer. 
W5F: Wood shaving, 5t ha-1 with recommended dose of inorganic fertilizer. 
W10F: Wood shaving 10t ha-1 with recommended dose of inorganic fertilizer. 
W5: Wood shaving only 5t ha-1.      
W10: Wood shaving only 10t ha-1 
 
 
 
 
 
 
 
P≤ 0.0001     
C.V 18.1      
LSD 2.37      
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bcd d 
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5.0 CHAPTER FIVE 
CONCLUSIONS AND FURTHER RESEARCH WORK 
 
5.1 Conclusions: 
1. The study demonstrated the potential of mixing of wood shaving at the 
rate of 10tons/ha recommended dose with inorganic fertilizer is an 
alternative management option for improving the nutrient-poor sandy soil. 
2. Application of sawdust at  a rate of 10 t ha-1 had increased the capacity of 
the soil to retain H2O. 
3. Sole application of wood shavings resulted in poor performance of the 
cropping system. 
4. Generally, the judicial application of sawdust with inorganic fertilizer 
improved shoot and root dry matter and nutrient content.    
 
5.2 Further Research Work: 
 
1. Mixing sawdust with a N containing source, for compost production  
2. Studying the effects of application of composted sawdust of different 
sources on soil crop system. 
3. Studying soil biology as influenced by sawdust application.  
4. Studying the role of sawdust application on control of water erosion 
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